Introduction
While the distribution of flowering plants and larger animals is easy to determine, this is almost impossible in microorganisms, which are smaller than human beings by a factor of 1.8 × 10 6 , assuming an average size of 100 µm and 180 cm, respectively. Thus, the subject has been searched with varied success and in heated debates (Foissner, 2004; Fenchel and Finlay, 2005) , resulting in two hypotheses: the 'cosmopolitan model' (Finlay, 2002; Finlay et al., 2004) and the 'moderate endemicity model', which suggests that one-third of protists has restricted distribution (Foissner, 1999 (Foissner, , 2006 (Foissner, , 2008 . The cosmopolitan model is based on ecological theory, while the moderate endemicity model emphasises flagship species which are so showy, or so novel, that it is unlikely that they would be overlooked if indeed they were widely distributed (Tyler, 1996) . The debate has stimulated many investigations whose conclusions frequently read as follows (Bass et al., 2007) : 'Our results strongly suggest that geographic dispersal in macroorganisms and microbes is not fundamentally different: some taxa show restricted and/or patchy distributions while others are clearly cosmopolitan.
These results are concordant with the 'moderate endemicity model' of microbial biogeography. Rare or continentally endemic microbes may be ecologically significant and potentially of conservational concern. We also demonstrate that strains with identical 18S but different ITS1 rDNA sequences can differ significantly in terms of morphological and important physiological characteristics, providing strong additional support for global protist biodiversity being significantly higher than previously thought. ' Thus, there is hardly any need to enlarge this subject again (for recent reviews, see Dolan, 2005; Martiny et al., 2006; Foissner, 2006 Foissner, , 2008 Caron, 2009 ). In contrast, little attention has been paid to the reasons why certain species are cosmopolitan and others are not, as evident from the reviews just cited. Wilkinson (2001) and Smith et al. (2008) suggested size and/or air currents as important dispersal factors. However, this has been abandoned by Foissner (2008) . He emphasised that microfungi, mushrooms, mosses and ferns are not cosmopolitan although their dispersal means, the spores, are very abundant and usually less than 100 µm in size, corresponding to the trophic and cystic size of most protists (but see Chapters 8-12).
Thus, the reasons for cosmopolitan or restricted distribution must be different. In my opinion, the most important factors are the resting cysts, the geological history and human introductions. The overwhelming structural and chemical diversity of resting cysts becomes meaningful if one considers cysts not only as a simple dormant stage but as dispersal means. This has been widely neglected in the 'everything is everywhere' debate, and thus I shall devote half of this review to the demonstration of cyst diversity, hoping to revive cystology (Gutiérrez and Walker, 1983) . The second important factor is the break of Pangaea into Laurasia and Gondwana about 120 million years ago. This has been discussed in several reviews (Foissner, 2006; Smith et al., 2008) and is thus excluded from the present one. The third main factor is human introductions, frequently underweighted by protist biogeographers (Foissner, 2006) .
Dispersal of protists
I recognise four main routes: dispersal in active (non-encysted) state; dispersal by protective resting cysts; dispersal by humans; and dispersal by geological processes, especially the break of Pangaea and continental drift. As mentioned in section 5.1, the palaeobiogeographic route is not treated here.
Dispersal in active state
Usually, live protists are very fragile. Thus, it is reasonable that dispersal occurs mainly in the cystic state (see section 5.2.2). Nonetheless, dispersal in the active state is possibly also rather common, especially in marine environments, where large water currents might disperse species over large areas or even globally. However, benthic and planktonic foraminifera have distinct areals (Darling and Wade, 2008; Pawlowski and Holzman, 2008) , just as other marine protists, for instance, the coccolithophores (Winter et al., 1994) .
On land, step-by-step dispersal might be of considerable significance, especially in euryoecious species and at local, regional and continental scales (Green and Bohannan, 2006) . Many experiments show that new habitats are often colonised within a few weeks (for reviews, see Maguire, 1963 Maguire, , 1971 . Unfortunately, species have been rarely identified, for instance, by Wanner and Dunger (2001) and Meisterfeld (1997) , who studied testacean communities from reforested opencast mining sites. Colonisation was fast, but only euryoecious species developed, and most humus-specific species disappeared within a year at a site that was amended with humus from a primary forest to stimulate succession. This matches my (unpublished) observations on ciliates. Only nine euryoecious species colonised three small, artificial ponds within a year, in spite of excess food (for details, see legend to Fig 5.1) , and few freshwater ciliate species survived when added to soil (Foissner, 1987, table 15) .
Some of the most widespread ciliates, e.g. Glaucoma scintillans, Colpidium colpoda and species of the Paramecium aurelia and the Tetrahymena pyriformiscomplex very likely lack the ability to produce resting cysts, although they have 1 Number of ciliate species developing in three artificial ponds containing 1.5 l, 6 l and 12 l tap water and 0.1 g, 0.4 g and 0.8 g porridge oats. The experiment started on 1 April 2009 and is still running. A detailed description will be published later. Altogether, nine species were recognised: Apocyclidium terricola, Chilodonella uncinata, Colpoda inflata, Epistylis opercularia, Odontochlamys alpestris, Pseudochilodonopsis algivora, Stylonychia pustulata, Tetrahymena rostrata and Vorticella infusionum. With the exception of E. opercularia, which is possibly an 'air ciliate', all species are common, euryoecious inhabitants occurring in both limnetic and terrestrial habitats. Note the disappearance of the ciliates during a bloom of various algae and cyanobacteria. been reported in both Paramecium (for a review, see Wichterman, 1986) and Tetrahymena pyriformis (Nilsson, 2005) . However, the evidence is not convincing and not supported by my data. I never found any Paramecium in over 1000 air-dried and then rewetted soil samples from a great variety of habitats globally, including soil from flood plains and the surface of dry, ephemeral puddles (Foissner, 1998; Chao et al., 2006) . Likewise, I did not find any Paramecium in about 200 samples from tank bromeliads of Central and South America, although it occurred in rivers and streams nearby (Foissner, unpublished) . Further, my own experiments with G. scintillans and Colpidium kleinii failed. Thus, I join that group of scientists who believes that certain Paramecium and Tetrahymena species cannot make protective resting cysts.
Certainly, cystless species are a challenge to all dispersal models, including my cyst theory. While wide dispersal in the active state could be possible in encased species or in species with a thick cortex, as in Paramecium, this appears unlikely for fragile species like Tetrahymena and Glaucoma. I speculate that some of these species, especially those with a wide ecological range, may have distributed step by step or are older than the break of Pangaea. Further, we cannot exclude that such species were originally able to perform anabiosis (anhydrobiosis), i.e. to dry up without forming a special cyst, and becoming viable again when water becomes available. Although anhydrobiosis is extremely rare in present-day ciliates (I know it from only one Podophrya-like suctorian ciliate), it might have been more common in certain developmental stages of the species millions of years ago.
As protists are very small and thus of low weight, it is widely believed that air currents and animal vectors are the main distribution agents (Maguire, 1963; Cowling, 1994; Hamilton and Lenton, 1998; Wilkinson, 2001; Smith et al., 2008) . Wilkinson (2001) showed by a detailed analysis of Arctic and Antarctic testacean communities that only large species (> 150 µm) are possibly not cosmopolitan.
All the data and hypotheses reviewed above, and many more not mentioned, are in conflict with a simple fact (Foissner, 2006 (Foissner, , 2008 Fig 5.2 ; see also Chapters 9-12): mushrooms, mosses, ferns, lichens and horsetails have restricted distributions although their distribution means (spores) are produced in masses and in the size of most protists (≤ 100 µm). Further, hundreds of bacterial and fungal pests had regional or continental distribution before they were dispersed by humans. This is why I believe that, for example, air currents and the size of the organisms have little influence on their distribution. This has been supported by a study on microscopic fungi (Taylor et al., 2006) . Actually, we do not know the amount of stable populations established by dispersal in the active state. Based on the data discussed above, step-by-step distribution of both, in active and cystic states, may play a significant role in at least the euryoecious species and if many similar habitats occur in a certain region. Obviously, all are of minute size and very abundant, for instance, a single Agaricus campestris (mushroom) releases 1.6 × 10 10 spores within 6 days (Webster, 1983) , which exceeds the abundance of ciliates in 1 m 2 of forest soil by several orders of magnitude (Meyer et al., 1989) . While nobody denies that mushrooms, mosses and ferns have biogeographies, protists are widely assumed to be cosmopolitan because their small size and high abundance favour air dispersal, an opinion flawed by this figure. Further, protist cysts lack adaptations for air dispersal, while seeds of many flowering plants have such adaptations, for instance, the orchid seed shown which has wings of large-sized, air-filled cells. Reproduced with permission from Foissner (2008) .
Dispersal by resting cysts
Many protists can produce a dormant stage, named protective resting cyst, resting cyst (my preferred term), cyst, spore or stomatocyst, depending on the group under investigation. Resting cysts are widely assumed to be the major dispersal agents of unicellular organisms because they are much more stable than live cells (for reviews, see Corliss and Esser, 1974; Foissner, 1987; Gutiérrez and MartinGonzález, 2002) . However, the biogeographic research and discussion ignored almost completely the very different morphological and physiological properties of resting cysts, depending on intrinsic (phylogenetic) and extrinsic (habitats s.l.) factors. Thus, I shall review here some recent studies, showing the overwhelming resting cyst diversity. For instance, the resting cyst of Maryna umbrellata is covered with glass granules, representing the first record of biomineralised silicon in ciliates . It was just this diversity and some 'simple' observations reported below, which convinced me that cysts are possibly the most important factor for the dispersal of species (cosmopolitan or of restricted distribution) and for their presence/absence in a certain habitat, at a certain time, and under certain environmental conditions. Unfortunately, our knowledge on the physiology, morphology and macromolecular composition of resting cysts is very limited. Thus, it is not yet possible to ascribe a certain function to the individual cyst layers. However, some general knowledge is available and has been reviewed by Corliss and Esser (1974) , Foissner (1987 Foissner ( , 2005 Foissner ( , 2009 ), Gutiérrez and Martin-González (2002) , Gutiérrez et al. (2003) , . Very briefly, a 'typical' cyst of a ciliate consists of a pericyst, an ectocyst, a mesocyst, an endocyst and, in certain taxa, a metacyst (Figs 5.11, 5.27 ). The chemical composition of these layers is known in only a few species (for an example, see Fig 5. 11). Generally, acid mucopolysaccharides are frequent in the pericyst, while proteins, glycoproteins, glycogen and chitin are frequent in the mesocyst and endocyst. Unfortunately, the chemical composition of the ectocyst, which is often very thin, is unknown. Table 5 .1 shows cyst survival of soil ciliates from rain forests in Borneo and Malaysia and from various habitats of Namibia, including the Namib Desert (Foissner et al., 2002) . In the Namibian samples, there was no loss of species when the air-dried samples were stored for up to seven years, while most species of the rain forest soil could be not activated when the air-dried samples were older than a year, suggesting that the resting cysts died. Obviously, rain-forest ciliates have 'weak' cysts not adapted to long periods of dryness. Accordingly, they have little chance to disperse via cysts over large areas. This contrasts with the 'strong' cysts from Namibia. The meaning of 'weak' and 'strong' is demonstrated by Exocolpoda augustini (Figs 5.3-5.5) collected in Austria and the dry west coast of Namibia (Foissner et al., 2002: site 37) . While ordinary cysts with a rather thin (0.5-1 µm) wall are produced under the moderate Austrian climate (Fig 5.5) , the wall of the Namibian specimens is about 7 µm thick (Fig 5.4) , surpassing the volume of the encysted cell proper three times (3500 µm 3 vs. 14 000 µm 3 ). These data match observations from laboratory cultures, where frequently most of the cysts made do not excyst when fresh medium and food are added, and cells sometimes lose the ability to make cysts at all, especially on prolonged cultivation. This makes sense under the constant laboratory conditions, where the populations select for non-encysters or switch off the encystment genes. However, the matter is complex, i.e. both encystment and excystment are influenced by many factors, as shown for example by Meier-Tackmann (1982) and Meier-Tackmann and Wenzel (1988) in a common soil ciliate, Colpoda cucullus, and by Müller et al. (2006) in Meseres corlissi, a plankton ciliate from ephemeral fresh waters (Fig 5.22) . The often highly varying, 'mysterious' encystment and excystment rates give support to the 'scout theory' of Epstein (2009) . This theory suggests that microbial populations consist of a mix of active and dormant cells. Faced with an adverse environmental change, more cells are included into dormancy, and survive the challenge. Individual cells would then periodically exit dormancy as a result of infrequent and essentially random events, such as a change in the expression of a master regulatory gene. I call such awakened cells 'scouts'. If the adverse conditions persist, the scout dies. If a scout forms under 4, 5, 7, 8, 9, 11, 12, 13, 16, 17, 18, 20, 23, 24, 26, 27, 29, 31, 32, 33, 35, 36, 37, 38, 39, 41, 42, 43, 44, 48, 49, 50, 53, 54, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 67, 69, 70, 73. growth-permissive conditions, it starts a new population. In some species, scouts might even use growth-inducing signalling compounds to wake up the rest of the dormant population.
Resting cysts of ciliates from rain forests and hot deserts

Some remarkable ciliate resting cysts
Maryna umbrellata (Colpodea)
This mushroom-shaped ciliate is about 100 µm in size, and is common in ephemeral limnetic habitats, such as rock pools and meadow puddles (Figs 5.6-5.10). The globular resting cyst is conspicuous because it is as large as the trophic cell. Maryna umbrellata is restricted to the northern hemisphere. In Africa, Australia, Central America and South America occurs a similar but smaller species having larger (up to 5 µm) silicon granules. The fine structure and chemical composition of the resting cyst of M. umbrellata were studied by Foissner (2009) and . This showed the following peculiarities: (i) the cyst wall is about 13 µm thick and thus amounts for half of the total cyst volume (Fig 5.8); (ii) the external, about 4 µm-thick layer is made Figs 5.6-5.10 Maryna umbrellata, a c. 100 µm-sized colpodid ciliate, typically living in ephemeral puddles, makes globular resting cysts covered with a layer of glass (silicon) granules (7-10). 6: Overview of a trophic specimen in the SEM. 7: The cyst surface is covered by about 1 µm-sized glass granules well recognisable in the SEM. 8: The resting cyst has a c. 13 µm-thick wall composed of many layers, each having a specific macromolecular composition (see Fig 5.11) . The glass granules (G) were solved by hydrofluoric acid. 9, 10: Glass layer before and after treatment with hydrofluoric acid. Arrows mark mucous material that holds together the silicon granules. BL -basal layer, EC -ectocyst, E + C -endocyst and ciliate cortex, G -glass granules, L -lipid droplets, M -mesocyst, MT -mitochondria, P -pericyst, SG -spongy globules, W -cyst wall. Scale bars 1 µm (9, 10), 4 µm (8), 5 µm (7), and 50 µm (6). of minute glass (silicon) granules with a size of about 1 µm (Figs 5.8-5.10); (iii) the mesocyst and endocyst show a high elasticity; (iv) the cytoplasm is studded with about 4 µm-sized globules consisting of a proteinaceous matrix burrowed by electron-lucent strands of glycogen (Figs 5.8, 5 .11); (v) the fluid portion of the cyst plasm contains large amounts of acid mucopolysaccharides possibly originating from decomposed mucocysts; and (vi) the ectocyst precursors are released via the parasomal sacs of the kinetids. The most remarkable feature, the glass granules, is produced by the trophic cell and released during the early encystment processes.
Most, possibly all of these peculiarities are related to the ephemeral nature of the habitat, for instance, the thick wall protects the cell from desiccation, while the high elasticity and the glass cover might prevent the cell from mechanical stress (Yang et al., 2009) , for instance, when cysts and sand are mixed by a storm. Certainly, all these properties will influence excystment and cyst viability, and thus the dispersal success.
Pseudomaryna australiensis and Sandmanniella terricola (Colpodea)
These small ciliates (~50 µm), which live in floodplain soils ), have been described by Foissner (2003) and Foissner and Stoeck (2009) . One of these, P. australiensis lives in a mineralic envelope, making cells and cysts appearing like inorganic soil particles, possibly protecting them from predators (Figs 5.12-5.14). Possibly, P. australiensis and S. terricola are restricted to the Australian and African region, respectively.
Before encysting, most ciliates digest food and expell the remnants, thus becoming rather hyaline when entering the cystic stage. Pseudomaryna australiensis and S. terricola do the opposite: they feed, but do not digest, in the trophic stage, becoming packed with large, compact food vacuoles (Figs 5.13, ), which they digest in the resting cyst, using the energy provided for division (Figs 5.18, 5.19) . Possibly, this is an extreme adaptation to the ephemeral nature of the habitat, making it possible to use even very short periods of optimal environmental conditions. The P. australiensis and S. terricola way must not be mixed with the division cysts of, for example Colpoda, which are covered by a temporary, very thin wall entirely different from that of the resting cysts (Foissner, 1993) .
Sorogena stoianovitchae (Colpodea)
This curious ciliate lives on rotting foliage of plants (Figs 5.20, 5.21) . It has a size of 30-70 × 20-45 µm and belongs to the class Colpodea, possibly representing a distinct order (Foissner, 1993; Foissner and Stoeck, 2009) .
Sorogena stoianovitchae is the only ciliate that undergoes fruiting body development, and thus was initially thought to be related to the slime molds (Bradbury and Olive, 1980) . The development process can be classified into five stages and Sandmanniella terricola (16-19) from life. Both species collect bacteria, forming large, compact food vacuoles which are not digested in the trophic (12, 13, 16, 17) but in the cystic (14, 15, 18 ) stage, where they also divide (19). P. australiensis has a mineralic envelope (some particles marked by arrowheads), making it looking like a soil particle (12-15). CV -contractile vacuole, FV -food vacuoles, LF -left oral ciliary field, ME -mineralic envelope, W -cyst wall. Scale bars 20 µm. With permission from Foissner (2003) and Foissner and Stoeck (2009) . Sugimoto and Endoh, 2008) : aggregation, compact aggregation, secretion of a mucous matrix, stalk elongation and completion of the fruiting body. When S. stoianovitchae is mildly starved, several hundreds of cells aggregate beneath the water surface, and the aggregate develops into an aerial fruiting body, in which the individual cells encyst, forming a very thin wall . Essential requirements for fruiting body development are high cell density, a light-dark cycle, and a dark period of more than 8 consecutive hours. In addition, the initial aggregation begins during the night and sunrise (light) triggers the subsequent development. The stalk of the sorocarp is composed of a matrix of complex protein-polysaccharide molecules . Recently, Sugimoto and Endoh (2008) analysed the genes involved in fruiting body development. A BLASTX search revealed that sequences with high identity for extracellular proteins (mucin, proteophosphoglycan) or membrane proteins are likely candidates for aggregating material, mucous matrix and stalk material. 
Meseres corlissi and Halteria grandinella (oligotrichs)
Meseres and Halteria ) are closely related morphologically (Petz and Foissner, 1992) and genetically (Katz et al., 2005) . This is sustained by their resting cysts, especially the occurrence and fine structure of the lepidosomes (extracellular, organic structures produced intracellularly by trophic and/or cystic protist species; Foissner et al., 2005) . Further, the cysts share a considerable overall similarity, that is, the wall is composed of five layers with similar fine structure (Foissner et al., 2007) .
However, there are also conspicuous differences: (i) the lepidosomes are spherical in Meseres ), while conical in Halteria (Fig 5.29) ; (ii) the lepidosomes of Meseres are located in a slimy 'basal layer' (Fig 5.26) , while those of Halteria, which lacks a basal layer, are attached to the ectocyst; (iii) Meseres has a bright (non-osmiophilic) zone between mesocyst and endocyst (Fig 5.27) , while both are close together in Halteria (Foissner et al., 2007) ; (iv) Halteria lacks the chitin present in Meseres, which is unexpected considering the close morphologic and genetic relationship; (v) Meseres has five complex types of cyst wall precursors (Foissner and Pichler, 2006) , while Halteria has possibly only three or four because it lacks the basal layer and the bright zone between mesocyst and endocyst (see items ii and iii); (vi) The 'curious structures', very likely reserve bodies produced by the autophagous vacuoles, have a different shape (Foissner, 2005; Foissner et al., 2007); and (vii) in contrast to Halteria, Meseres produces part of the cyst wall precursors in the morphostatic condition and even in dividing specimens (Table 5 .2, Fig 5.23) . This ability, which I term 'precursor stocking', may explain why Meseres is able to encyst within one hour, in spite of the complexity of the process (Foissner and Pichler, 2006) . Precursor stocking is possibly more common than recognised, i.e. I observed it also in some haptorid ciliates (Foissner, unpublished) . Petz and Foissner (1992) , Foissner et al. (2005) and Foissner and Pichler (2006) . The differences in the cyst structure of Meseres and Halteria, especially the complex lepidosomes and the presence of a chitin layer in the former, might at least partially explain their different ecology. Although both are cosmopolitan (Katz et al., 2005; Weisse et al., 2008) , Meseres is very rare and possibly restricted to ephemeral freshwater habitats, while Halteria is one of the most common ciliates occurring in a wide variety of ephemeral and permanent limnetic environments Weisse et al., 2008) .
As an inhabitant of ephemeral habitats, Meseres needs a 'stronger' cyst wall than Halteria. Indeed, the wall is twice as thick (1241 nm vs. 660 nm) and has a higher complexity (see above). While the chemical composition and the function of the lepidosomes, whose genesis and release takes a lot of energy, is still obscure, the chitin layer might be helpful in protecting the cell from mechanical and water stress as well as from bacterial decomposition because chitin is a very resistant matter. Finally, precursor stocking is an excellent way to use even short periods of good environmental conditions.
Strombidium oculatum (oligotrichs)
Strombidium oculatum is a tide-pool ciliate and an impressive example of circatidal encystment, first described by Fauré-Fremiet (1948) and later studied in detail by Jonsson (1994) and Montagnes et al. (2002) . The ciliate, which has an obconical shape and is about 80 × 40 µm in size (Fig 5.30) , is possibly restricted to the northern hemisphere (Agatha, S., pers. comm.). Usually, it is green due to sequestered chloroplasts and has a distinct, red eyespot composed of stigma obtained from chlorophyte prey. The cysts are flattened spheres, about 50 µm in diameter, and in the middle of the top surface there is a 10 µm-wide escape opening closed with a spumiform plug (Fig 5.31 ; Jonsson, 1994; Montagnes et al., 2002) . Unfortunately, the fine structure and chemical composition of the cyst wall and the plug have not yet been investigated.
The circatidal behaviour runs as follows (Fig 5.32, Jonsson, 1994; Montagnes et al., 2002 ): for about 6 h, at low tide, S. oculatum is free-swimming in pools, and about 20-60 min before flushing of the pools it encysts on a substrate. Encystment lasts for about 19 h: two high tides and one intervening low tide. Excystment then occurs the next day about 30-40 min after the pools are isolated. Cells divide almost immediately after excysting, allowing the ciliate population to rapidly exploit potential food resources. Experiments and field observations revealed that S. oculatum responds phototaxically and exhibits seasonal trends in population dynamics with very low abundances in winter.
Odontochlamys spp. (Chilodonellidae)
These are small (~50 µm), bacterivorous ciliates living in terrestrial and limnetic habitats (Fig 5.33) . They are remarkable in having the ability to change within a few . When excysting, the lid disappears (arrow). 32: Field observations of the change in abundance of Strombidium oculatum over the day-night cycle in three replicate tide pools (■, •, ▲) over ~3 low and ~3 high tides. The solid line is the mean abundance of ciliates in the three pools. Vertical lines represent when pools were isolated by the outgoing tide (I) and covered by the incoming tide (C). Days and nights were delineated by sunrise and sunset. Scale bars 15 µm (31) and 25 µm (30). With permission from Jonsson (1994) and Montagnes et al. (2002). minutes from the active into the cystic state. Thus, encystment can be observed under the microscope ). For details, see figure captions.
Obviously, fast encystment is a strategy very helpful in ephemeral habitats, such as moss, leaf litter and small ponds, where these ciliates usually occur. Looking at the examples provided in this brief review, it becomes obvious that ciliates evolved several quite different strategies to survive in ephemeral habitats. It is likely that many more wait to be discovered.
Dispersal by humans
Biogeographic changes due to human activities have been largely ignored in the discussion of protist distribution, although a number of examples have been well known for a long time. For example, several tropical and Indopacific species of foraminifera entered the Mediterranean Sea via the Suez Canal (Lesseps' immigrants) and tropical aquaria. Moreover, it is likely that certain toxic dinoflagellates spread by human activities (Hallegraeff and Bolch, 1992) . In rotifers, many of which have a similar size as ciliates, Brachionus havanaensis and Keratella americana have been introduced to southeast Asia by human activities (Segers, 2001) . On the other hand, alpine zooplankton richness and genetic diversity have been only slightly influenced by anthropogenic stress and fish introduction, possibly due to the ability to produce long-lived resting stages withstanding unfavourable conditions (Winder et al., 2001) .
Shipping (ballast water), the transport of goods and the construction of canals are three major reasons for the artificial dispersal of protists. Millions of tonnes of water and many thousands of tonnes of soil are transported across the world each year. Hallegraeff and Bolch (1992) and Hülsmann and Galil (2002) suppose that since the introduction of water as ballast in the middle of the nineteenth century, many protists may have spread globally, unheeded by protozoologists. The diatoms Odontella sinensis and Coscinodiscus wailesii entered the North Sea and the Baltic Sea rather recently, together with their parasites (Kühn, 1997; Hülsmann and Galil, 2002) . Likewise, Lagenophrys cochinensis, an ectosymbiotic ciliate of wood-boring, marine isopods, has probably been transported from New Zealand to California in wooden ship hulls rather recently (Clamp, 2003) , while the coccolithophore Emiliania huxleyi invaded the Black Sea about 1500 years ago (Winter et al., 1994) . Elliott (1973) proposed that a species of the Tetrahymena pyriformis complex entered the Pacific Islands when man migrated westward from South and perhaps Central America. The same might have happened more recently with Paramecium quadecaurelia, a member of the P. aurelia sibling species complex. This species, which was known only from Australia, was recently reported from a pond of the city of Windhoek, the capital of Namibia (Przybós et al., 2003) . Dispersal by ship's ballast water might also be responsible for the occurrence of four euryhaline psammobiontic (obligate sand-dwelling) testate amoeba species in the Great Lakes, Canada (Nicholls and MacIsaac, 2004) , while marine dinoflagellates possibly cannot establish viable populations in these lakes (Fahnenstiel et al., 2009) .
Another impressive example is the appearance of Hydrodictyon in New Zealand where this very distinctive alga had never been seen before. It was found in a pond belonging to a hatchery supplying fish and aquatic plants to aquarists. Obviously, Hydrodictyon had been imported together with fish or aquatic plants from East Asia (Kristiansen, 1996) .
Freshwater diatoms show several impressive examples of human-mediated introductions. They have been reviewed by Vanormelingen et al. (2008) , whose text I quote here: 'Asterionella formosa is a widespread planktonic morphospecies and is frequently considered to be cosmopolitan; it is often seasonally dominant in eutrophic lakes. Detailed analysis of fossil material from 21 sediment cores (14 lakes) from New Zealand showed no trace of A. formosa in pre-European sediments, although it is now widespread, occurring in 45% of lakes for which phytoplankton records are available. The most likely vector for the introduction of A. formosa is the introduction of salmon ova into New Zealand lakes in the second half of the nineteenth century (Harper, 1994) . It is highly unlikely that the species was extremely (i.e. not detectably) rare before European settlement as it is a species that can occur across a wide range of environmental conditions, from oligo-to eutrophic (Harper, 1994; Van Dam et al., 1994) . Interestingly, A. formosa is also absent from other lake cores in Australasia, which might rule out environmental change due to the introduction of mammalian grazers as a cause for its sudden appearance. The recent spread in New Zealand of another exotic diatom, Didymosphenia geminata (Kilroy et al., 2007) , is occurring long after the main human-induced environmental changes. Other convincing evidence for human mediated introduction of species (and hence previous dispersal limitation) among diatoms include the appearance of Thalassiosira baltica in the Laurentian Great Lakes (Edlund et al., 2000) , and the North-American species Gomphoneis minuta and Encyonema triangulum in France (Coste and Ector, 2000) . ' Wilkinson (2010) admonishes me for the lack of examples of human introductions in soil. There are none, unfortunately! And Wilkinson (2010) also did not provide any. However, he provided a solid discussion of soil introductions, some anecdotal evidence, and several suggestions to overcome the methodological problems which, indeed, are much more serious than in limnetic and marine environments.
Conclusions
Protist distribution is best described with the moderate endemicity model. But little information is available on the reasons why certain species are cosmopolitan and others are not. I argue that the break of Pangaea into Laurasia and Gondwana, the structure and physiology of the resting cysts, and human introductions are the most important factors for the dispersal of species (cosmopolitan or restricted distribution) and for their presence/absence in a certain habitat, at a certain time, and under certain environmental conditions. The same morphospecies may have different resting cysts, depending on the habitat in which the trophic cells live. Thus, long-range dispersal by air currents or animal vectors will not produce viable populations, for instance, ciliate species which evolved in rain forests will very likely not survive in Central Europe because their 'weak' cysts die during transport or do not withstand the different climate. This is substantiated by a comparative analysis of desiccation resistance of ciliate cysts from Namibia and rain forests in Borneo and the Malay Peninsula. Then, I present seven examples from ciliate resting cysts, showing their overwhelming morphological and physiological diversity, for instance, precursor stocking in Meseres corlissi, a glass cover in Maryna umbrellata and the circatidal cyst production of Strombidium oculatum.
Step-by-step distribution and human introductions possibly also play a considerable role in the dispersal of species, especially at local, regional and continental scales. Several examples are provided. Table 5 .3 shows rather speculative percentages on the contribution of several dispersal routes. 
